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Human tumors serially heterotransplanted in nude mice have been tested for their response to che- 
mothcrapeutic agents. Founeen melanomas, 14 colorectal carcinomas, and 14 breast carcinomas have 
been used. Each tumor originated in a different patient. The tumors were maintained by serial sub- 
cutaneous transplantation in nude mice. For the experiments in this study, each neoplasm was trans- 
planted under the kidney capsule of 60 to 100 adult nude mice. The areas of the individual tumor 
implants were precisely measured immediately after insenion using a stereo microscope equipped with 
a micrometric ocular. The animals were then divided into groups of six to ten animals each. One group 
was mjected daily with saline and served as controls. The mice in the remaining groups were injected 
daily for eight days with one of the following chemotherapeutic agents— Adriamycin (doxorubicin), 
5-fluorou^acl^ methotrexate, Qtoxan (cyclophosphamide), Alkeran (melphalan), vincristine, vinblas- 
tine, methyl-CCNU, or BCNU— at optimum doses (the maximum dose tolerated that causes less than 
10% weight loss). Treatment was initiated when the implants were well established, having roughly 
doubled their initial mass. The animals were then sacrificed and the tumors measured again. A drug 
was rated effective only if it inhibited growth of the tumor by 99% or more. The results so obtained 
were compared with the published results of various clinical trials. When the sensitivity of the h Jman 
tumors in the mice was compared with the sensitivity of tumors of the same type that had been treated 
in human patients, a close correlation was found. The panel study detected nine often effective drugs, 
giving only two false-positive results. Our data strongly support the validity of hetero transplants of 
human tumors in the nude mouse as a predictive system for testing new anticancer agents and in 
determining optimal treatment schedules and combinations of known drugs. 
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IN recent years, human tumors heterotransplanted in 
immunosuppressed animals, particulariy nude mice, 
have been widely used to assess the antitumor activities 
of various chemotherapeutic agents. Such model sys- 
tems have been most often used to find new anticancer 
chemicals.'"^ 
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A large body of results is accumulating. However, the 
validity of such results depends upon the reliability of 
the model employed. In other words, does a particular 
tumor treated with a given chemical respond in the same 
way in the patient and in the nude mice? A valid answer 
to this question can be obtained in two main ways. The 
first, and most direct, method consists of treating human 
malignancies with an anticancer agent in the patient of 
origin and as heterotransplants growing in the nude 
mice. By comparing the results obtained on the same 
tumor in the two systems, it is possible to assess the' 
' similarity of results and determine to what extent human" 
results can be predicted from results in the mice. We are ' 
conducting such a study; however, it is necessary to wait ! 
for the assessment of clinical results in the patient (forj 
example, the reappearance of a removed neoplasm) be: 
fore this comparison can be made. The second method, 
postulated by Bellet et ai* consists of assessing the re-| 
sponses to a given anticancer agent of a panel of human . 
tumors of the same histologic tyF>e that have been het- 
erotransplanted in nude mice. If the response of human 
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Tahix I. 


Mfl;int"»ni;is 










Scx/agc 




Melanoma: 




Nude 






umor 


Location 


histologic type 


Previous treatment 


passages 


Melanin 


Rcfs. 


EBE 


F/49 


Left lung 


Metastatic 


AL. BCG. C. panum. DTIC 


6 


A 






P/1A 


Right forearm 


Recurrent 


None 


25 


A 






M/4J 


Left I high 


Recurrent 


None 


7 


M 




iTE 


F/32 


Femoral lymph node 


Metastatic 


AL 


5 


A 




30W 


M/36 


Skin of back 


R^^tirr^nt 
fxw^ ui 1 cm 


BCG, C pon'tioi 


29 


A 




-lOF 


F/50 


Skin of leg 


Recurrent 


k BCG. AL 


20 


A 


(17) 


>IIS 


M/54 


Lymph node, neck 


Metasutic 


None 


15 


M 




-OS 


F/54 


Iliac lymph node 


Metasutic 


None 


11 


A 


(17) 


PR! 


F/45 


Skin of shoulder 


Primary 


None 


14 


A 




nc 


' M/38 


'Left thigh 


Metastatic 


Rx 


1 


A 






M/2I 


Right foot 


Primary 


None 


6 


A 




j!L 


M/55 


Left groin 


Metastatic 


AU C panum. DTIC 


12 


A 




HN 


M/5I 


Axillary lymph node 


Metastatic 


BCG. Rx 


4 


A 




3RO 


M/25 


Left shoulder 


Primary 


None 


25 


A 





^amclanotic: M: melanotic: AL: Alkeran tmelphalan): BCG: Bacillus Calmettc Gucrin; DTIC: dacarbazinc: Rx: radiation therapy. 



limors of the type being studied is known, the response 
if^the mice can be compared to the human response. 
)y. Statistical methods, such correlation can be quanti- 
ited. In this article, we are repoaing our results using 
second approach. Gehan^ has demonstrated that if 
iScast one in a panel of 14 tumors of the same type 
sponds to a given treatment, there is a 95% probability 
hat 20% or more of such tumors uill respond to the 
.gent in question. We have used three panels of 14 tu- 
aors each: , one panel of melanomas, one of colorectal 
arcinomas, and one of breast carcinomas. 



Materials and Methods 



umors 

A. v. 



pThe tumors used for these experiments are all human 
umors, the majority of which were obtained by hetero- 



transplanting human bioptic material directly from the 
patient to the nude mice. The origins and main char- 
acteristics of each tumor are summarized in Tables I 
through 4. 

Animals 

Swiss nude mice bred and maintained in our labo- 
ratory under pathogen-free conditions* were used 
throughout this study. The average age of the mice used 
in the experiments was 3 months. 

Experimental Procedure 

Human tumors serially transplanted in nude mice 
were used. Small fragments of each tumor were trans- 
planted under the kidney capsules of nude mice using 
our modification of the technique of Bogden et a/.' Each 



Table 2. Colorectal Carcinomas 



umor 



Sex/age 



Location 



Op 
•EY 

iT-29 

- 

:eg 

■QU 
CON 

:as 

•10R 
VAL 



F/63 Cecum primar>- 

Liver metastasis 
?/? 7 

M/29 Rectum primarv- 

F/83 Colon (cell line) 

primarv' 
Colon primarx* 

M/60 Colon primar\* 

M/50 Diaphragm mciasiasis 

F/41 

Uvar>' metastasis 
M/50 Colon (cell line) 

primary 
F/8I Colon primary 

F/70 . Liver metastasis 

F/64 Femoral lymph node 

F/48 Vaginal spread 



Histologic type 


Previous 
treatment 


Nude 
passages 


Mod difTadeno, cecum 


None 


20 


Mod to poor diff adcno, rectum 


None 


13 


Mod diffadeno 


7 


6 


Mod difTadeno. rectum 


None 


19 


Very poorly diffadeno 


None 


34 


Mucinous (mod to poor diff) 


7 


32 


adeno. colon 




Mucinous (mod diff) adcno. 


None 


16 


colon 




Mucinous (mod diff) adeno 


7 


16 


Mod to poor diff adeno. colon 


sk) 


8 


Poorly diffadeno 


None 


7 


Mod to poor diffadeno colon 


None 


II 


Mod diffadeno. colon 


None 


4 


Poorly diffadeno rectum 


None 


3 


Anorectal squamous cell ca 


None 


9 
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vMod: moderately: diff: differentiated: adcno: adcnoca 



rcmoma: ca: carcinoma. 
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Table 3. Breast Carcinomas 



Vol. 52 



Tumor 


Sex /age 


Location 


Histologic type 


Previous trcaimcni 


Nude 
pas^ges 


CLO 


F/30 


Left brcasi primary 


Inf. duct cell ca 


None 


53 


KIE 


F/51 


Cell Line pleural cffusaie 


Inf. duct cell ca 


5-FU 


22 


\X/ \ D 

WA K 


F/62 


Chest wall recurr. 


Inf duct cell ca 


Rx 


24 


VAN 


F/49 


Pleural cffusaie 


Inf. duct cell ca 


CTX. AL Adria, 5-FU. 


25 


DRE 








MTX 




F/65 


Right breast primary 


Inf. dua cell ca 


None 


17 


ELL 


• F/32 


Breast primary 


Inf. dua cell ca 


None 


24 


HIC 


M/78 


Right chest wall metastasis 


Inf. duct cell ca 


7 


27 


COO 


F/? 


Cell line 


Inf. dua cell ca 


7 


12 


ALL 


F/66 


Left breast primary 


Medullary ca 


None 


8 


HUR 


F/63 


Brain metastasis cell line 


Inf. duct cell ca 


Multiple Chemother 


5 


MUR 


F/40 


Left breast primary 


Inf dua cell ca 


None 


13 


JAM 


F/43 


Left ax. lymph node 


Inf. dua cell ca 


C panum, 5-FU, CTX. 


4 


SAW 


F/56 






MTX, VC Adria 




Right breast primary 


Inf. dua cell ca 


None 


8 


WIS 


F/48 


Breast primary 


Medullary ca 


None 


3 



i 



Rcfs. ; 



(21) ^ 



(21) ^ 



(3) 



Sr. 

4. 



Inf: infiliraiing; ca: carcinoma: 5-FU: S-fluorouracil; Rx: radiation 
therapy; CTX: Cytoxan (cyclophosphamide); AL: Alkcran (mel- 

fragment was carefully measured immediately after 
being positioned under the kidney capsule. A micro- 
metric ocular insened in a stereo microscope was used 
for this operation. The inoculated animals were then 
divided into groups of six to ten animals. Each day one 
control group was injected intraperitoneally with saline, 
0.1 ml. The other groups were treated daily with che- 
motherapeutic agents at the doses shown in Table 5. 
The treatment was initiated when the implants were well 
established, having roughly doubled their initial mass. 
This was determined by killing inoculated animals every 
second day until doubling was confirmed. The mice 
were then injected daily for eight days, killed, and the 
tumors measured again. The tumor mass was calculated 
according to the formula 

Table 4. Summary of Patients/Tumors in Study 



phalan); Adria: Adriamycin; MTX: methotrexate; VC: vincristine. 



Weight (mg) - 



a X b- 





Melanomas 


Colorectal 
carcinomas 


Breast 
carcinomas 


Age (avg/range) 
Sex 

Passages 


39 (21-55) 
M:S. F:6 
1-25 


57 (41-81) 
M: 8. F: 6 
2-36 


51 (30-78) 
M: 1. F: 13 
2-29 


Table 5. Drug Doses in Panel Studies 



Adriamycin 
5-FU 

Methotrexate* 

Cytoxan 

Alkeran 

Vincristine 

Vinblastine 

Meihyl-CCNU 

BCNU 



I mg/kg/day X 8 
20 mg/kg/day X 8 
8 mg/kg/day X 8 
20 mg/kg/day X 8 
I mg/kg/day X 8 
0.2 mg/kg/day X 8 
0.3 mg/kg/day X 8 
0.4 mg/kg/day X 8 
0.4 mg/kg/day X 8 



• Initially MTX was given in doses of 24 mg/kg/day X 8. This was 
gradually scaled down (o 8 mg/kg/day X 8 due to toxicity. 



where a is the length of the tumor and b is the width.'VS 
Tumor growth inhibition was calculated by comparing^ 
the mass of the treated and untreated tumors. A strong f 
inhibition (++) was arbitrarily assessed when the treated 
tumor mass was reduced 99% or more in comparison^- 
with the untreated tumor which served as a control. A 
moderate (+) inhibition was assessed with a reduction ^. 
in tumor mass of more than 80% but less than 99%. Any f- 
reduction in tumor mass of less than 80% was considered 
a negative (-) result. Examples of results obtained in ^. 
two typical experiments are shown in Figures 1 and 2. ^' 

Results 5* 

i 

Our results are reported in Tables 6 through 8. Be- 
cause the clinical reports on the effectiveness of a drug %' 
in the treatment of a given malignancy do not always ^; 
agree among themselves, we decided to report more than | 
one clinical series for each type of tumor studied. We y 
have, accordingly, compared our results with the results y 
reported in some recent clinical compilations chosen on | 
the basis of the number of patients reported and on the j^. 
quantitation of the reports. It must be remembered that | 
we are considering effective only those anticancer agents i. 
that when administered alone give a positive response ^ 
in 20% or more of the treated patients. Consequently, k 
we cannot use for comparison any reports that do not ^ 
give the exact percentage of positive responders. ^ 

The results of our scries and of the clinical series we ^ 
used for comparison are tabulated side by side in Tables 
9 through II. When the results were borderline, either 
in our series or in the clinical series, the data are ex- 
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BOW P5, Vo = 2.5 Mg 



TYYYYYTY 




CONTROL 
ADRIAMYCtN 



ALKERAN 
VINCRISTINE 



, I 1 T \ i 

3 5 7 9 11 

DAYS 

Fig. I. Results obtained in typical experiment for melanoma. 



VAN Vo = 4.5 Mg 



4- VTA/0 ^ ^ 


Y Y Y Y Y Y Y 




y CONTROL 




VINCRISTINE 








ADRIAMYCIN 










" ALKERAN 

' 1 1 1 • ■ 



7 9 
DAYS 



Fig. 2. Results obtained in typical experiment for breast carcinoma. 



ssed as the real percentage in parentheses and are 
nuoned as being borderline in the general summary 
:ble 12). 

rhis. is not the place for a morphologic description 
he tumors used. However, some observations made 



during this study may help one understand the results 
obtained. As reported in Tables I through 4, the mel- 
anomas and the colorectal carcinomas used in the panels 
did not differ appreciably from the average tumor of 
these types found at random in the human population. 



Table 6. Melanomas 



Adria 



S-FU 



MTX 


CTX 


AL 


VC 


VB 


Methyl-CCNU 


BCNU 
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+ + 
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+ + 






+ 
0 














+ 


+ + . 
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■r 










+ 
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+ 












+ 












0 











++ 



•tc: Circle indicates that the patient was treated wiM ihc drug i 
•on before or after biopsy was taken. 



Adria: Adriamycin: MXT: methotrexate: CTX: Cvioxan; .AL: Alk- 
cran: VC: vincristine: VB: vinblastine. 
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Tablf. 7. Colorccial Carcinomas 



t 

it 

Vol. 53^ 
ft 




GOB 
KLO 
FEI 
PEY 
CAS 
HT-29 
BEG 
SQU 
KON 
KEN 
ANZ 
MOR 
NOV 
WAL 



e 

0 



Note: Circle indicates that ihc patient, was treated with the drug in 
question before or after biopsy was ukcn. 



Adria: Adriamycin: CTX: Cytoxan; AL: Alkeran: VC: 
VB: vinblastine. 





vincristine;^ 



Table 8. Breast Carcinomas 



Adria 



5-FU 



MTX 


CTX 


AL 


VC 


VB 


Mcthyl-CCNU 




++ 


++ 


++ 


++ 






+ 


++ 


++ 


++ 








+ 


+ 








+ 


++ 




++ 





BCNU- 



CLO 

KIE 

WAR 

VAN 

DRE 

ELL 

HIG 

COO 

ALL 

HUR 

MUR 

JAM 

SAW 

WIS 



+ 



+ 



"r i 
r I 



I 



0 



0 



0 



0 



0 



- t 



I 
I 

That is. these tumors were no more and no less differ-;^ 
entiated than 14 tumors of each type chosen at random T 
in the human population. ^ 
Breast carcinomas, however, were present only as § 
undifferentiated tumors. -t 



Discussion 

The first question that we have to answer is whether 
the tumors composing the panels are truly representative 
of the populations on which the clinical research is con- g 
ducted. From the standpoint of a pathologist, the answer | 
is that both the colorectal carcinomas and the mela- ^ 
nomas used in the panels are good representatives of fi 
such tumors found in the human population in the ^ 
United States. Where the discrepancy between the type 



Note: Circle indicates that the patient was treated with the drug in 
question before or after biopsy was taken. 



Table 9. Results of Panel Studies (Nude Micc/Qinical Scries) 
of Melanomas 



Adria: Adriamycin: MTX: methotrexate; CTX: Cytoxan; AL 
cran: VC: vincristine: VB: vinblastine. 



Nude mice 



Adriamvcin 
5-FU 

Methotrexate 

Cytoxan 

Alkeran 

Vincristine 

Vinblastine 

Methvl-CCNU 

BCNU 



Comis, Carter*' 



Luce'- 



+• 

+ 
+ 



+ 
+t 



+ 



• 96-98% inhibition, 
t 19% responders. 
X 18% responders. 

A positive (+) result on this ubie is the equivalent of a ++ result 
on Tables 6-8 and indicates 99^. or more inhibition, with the exceo- 
tion noted. ^ 
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"tumors prevailing in the panel and in the population 
large is quite striking is in the breast carcinomas. The 
mors in our panel are, without exception, ven' un- 
fferentiaied, whereas in the population at large, only 
)% of the total breast carcinomas would be so classi- 
This discrepancy is caused by the biological be- 
ivior of human breast carcinomas heterotransplanted 
niide mice. Under optimal conditions from 60% to 
•% of human colorectal carcinomas and melanomas 
n be successfully heterotransplanted in nude mice 
awever. only about 20% of breast carcinomas can be 
transplanted (our unpublished data). The tumore that 
. give positive takes all belong to the less differentiated 
tegoo' and, with few exceptions, do not possess estro- 
n receptors. 

The vast majority of the tumors in the panels had not 
:eived previous chemotherapy of any type. In partic- 
ir. 10/14 melanomas, 10/14 colorectal carcinomas, 
d 8/14 breast carcinomas had not previously been 
ated with any of the drugs used in our investigations 
.A difficult choice has been the selection of the clinical 
:ults with which we would compare our experimental 
•ults. Not all the dinicaj trials in the literature agree 
ipng themselves as to the usefulness of a given drug 
unst a certain type of cancer, nor do they agree on 
•^percentages of positive resulu, largely because of the 
rerent criteria used to assess the effectiveness of che- 
>therapeutic agents. We are also limited by the fact 
:t we required well defined quantitative results. We 
chosen the most recent clinical compilations in 
ich precise percenuges of responders were given and 
•vhich most of the patients were residents of the US 
i latter stipulation to minimize possible population 
lations).'"" 

lecause the various clinical series do not always agree 
ong themselves, we have reported the figures ob- 
led from different series separately. When all the clin- 
series agree about results, we consider the chemo- 
-apeutic agent effective or not effective against the 
:n type of cancer. The clinical series being studied 
:ed 21 times and disagreed 6 times. Taking into ac- 
nt the 21 cases of agreement, our results in the nude 
= agreed with the clinical consensus in 18 instances 
ctive drugs and 9 inactive drugs). There were two 
i-positives (Adriamycin [doxorubicin] and 5-fluo- 
-acil (5-FU] in melanomas) and one false- negative 
namycin in breast carcinomas), 
•iven the way the tests were conducted, it is not im- 
'O'e that the false positives represent tumors that 
y are sensitive to the drug tested. To clarify this, one 
« remember that the concept of responsiveness is a 
've and necessarily arbitrao' one. Wc have arbi- 



Tabue 10. Resulis of Panel Sludics fNud.- Micc./Clinical .Scri.-s) 
of Colorectal Carcinomas 





Nude 
mice 


Carter. 
Friedman"* 


Cline. 
Haskell" 


Smith 


Adriamvcin 










5-FU \ 


+ 


+ 


+ 




Mcthoircxate 








+ 


Cytoxan 


+ 


+ 






• Alkcran 










Vincristine 










Vinblastine 










Mcthyl-CCNU 










BCNU 


+ 









•15% responders. 

on^.^i« '"^'^ equix-alent of a ++ result 

on Tables 6-8 and indicates 99% or more inhibition. 



tranly decided that 20% of the tumors must respond in 
order to classify the tumor type as responsive to a given 
dnjg. Even if we keep our limits reasonably elastic, 15% 
to 1 8% might still be considered positive, but 5% to 10% 
would certainly not be. However, 5*;^ to 10% still gives 
one responding tumor in every 10 to 20, an infrequent 
but not impossible occurrence, especially when a group 
of 14 tumors is being considered. 



Table 1 1. 



Results of Panel Studies (.\ude Mice/Clinical Series) 
of Breast Carcinomas 



Nude 
mice 



Caner* 



Davis, Carbonc'-' 
mod. by Rubens" 



Adriamycin 
5-FU 

Methotrexate 

Cytoxan 

Alkeran 

Vincristine 

Vinblastine 

Mcthyl-CCNU 

BCNU 



+ 

+ 
■I- 
+ 



+ 



+ 



+ 
+ 
+ 
-t- 
-t- 

-I- 



• 96% and 92% inhibition. 

A positive result (+) on this table is the equivalent of a -^-r result 
on lablcs 6-8 and, with the exceptions noted, indicates 99% or more 
innioiiion. 



Table 12. Correlations 



Breast carcinomas 
Colorectal carcinomas 
Melanomas 



6/7 Positives* 
0 False-positives 

I/I Positive 
0 False-Posiiiv-e 

2/2 Posiiivest 
2 Fal.se- 

PositivcsJ 



• Meihoirexaic is borderline in nude mice test. 

t Vinblastine is borderline in Comis i: Caacr scries. 

% BCNU IS horded ine in Luce reries. 
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More disturbing is ihc existence of the false-negative 
pan.cularly of a driig such as Adriamycin in breast car- 
cinoma, for Adnamycin is undoubtedly active asainst 
at least 30% of these neoplasms. As we have sSed 
breast carcmoma has limited percentage of positive takes 
(approximately 20%) in heterotr^nsplanting in nude 
mice. Having selected a defined subclass of breast car- 
cinomas that comprises about 20% of such tumore it 
>s not inconceivable that we would find such a class 
resistant to a drug that is ineflfective against 60% or more 
ot breast carcinomas. 

Considering the large number of human tumors stud- 
ied the close correlation between results observed clin- 
ically and those obtained experimentally makes it dif- 
ficult to avoid the conclusion that the human tumor 
heterotransplanted in the nude mouse is a good predic- 
tor of the results to be expected in the clinical setting. 
Such parallelism is further strengthened by the episodJ 
cases m which the same human tumor has been snb- 
jected to the same treatment in the mice and in the 
patient with the same results. 



REFERENCES 
I. Bogden AE, Kelton DE, Cobb WR. &!hrr hi a 

ror«ncerch=motherapcu,icagents.yAr«/Ca„«r/„n9?9:«:M«- 



in a prcliminarv and a foMow-up .rial of a rZ^^Llut '"""""^ 
JChron Dis 1961: 13:346-353 "''*"«="'0'f'e^aP<:"«'cag;ni. j 

6. Clovanclla BC Stchlin iS. HeicroininsDiaria.ion «f k I 
malignant tumon in "nude" thvmusless miccT Br«d no" I '""""i 
nance of "nude" n,ice. J NoU CW.^rT? j3f ?.6 ?4';9 """'"^ 

7. HulttK)rn KA. Tornberg B. Mammarv carcinoma The bioln.- ^ 
character of mamma.7 careinoma s.udied in 5 1 7 .^TbyTnew fo^'f 
of mahgnancy grading. Aaa Radiot\Supp,] (SuKkM) 1 960- ^96 Ul 

8. Giovanclla BC. Yim SO. Slehlin JS, Williams U. t^velopn^em f 

hlmT""/"'""'" '"^ -"""^ injection of cultural 

human mebnoma cells. yAr^r/C«nc^/„., 48:1531-1533 i 
y. y-^ncT 5K.. Chemotherapy in advanced brtast cancer Int J Rn% 
dial Oncol Biol Phys 1 978; 4:309-3 II. | 
bin'^' ^r!Jilvf^ Friedman M. ImegraUon of chemotherapy into com- 1 

WBSaSd:„798S!r£'' ^"-^"-otherapy. Ph,.adelphia.J 
hinln !^ r '^'-Carter SK. Integration of chemotherapy into com-« 
C:tr^^::^lXr. f..^:^-''- Mangnanrme,anora.4 

.9!8; ^Z'^Ji?'^"' "^"--^ — ^-^^ 

2:179-185" <^'"='"°"«='^Py of melanoma. Semin Oncol I975:i^ 

15. Rubens RD. Breast cancer. In: Pinedo HM ed Cancer rh^'fi ' 
motherapy. New York: Elsevier Press, 1979; 376-4n * 

JirtrPinTdoHM^'-^'"'^"''^-^''''"'^^^^^^ 
ft^ 1979; M&^J^' Chemotherapy. New York: Elsevierf 

niJJ- °'°'^"«"* BC. Stehlin JS, Santamaria C « al. Human neol- 
r97r56"l l^f-M42.'* "'^ melanocytes, y /^«,/ C^nc^r lns4 

,il\r^'^''*^ '^^ ^^«'<'P'"«n« of media for isolation and cultiva- 

Tro lT^" T"^' ''"eh ^- Tumor Ce m I 

r«ro. New York: Plenum Press, 1975; 23-50 I 

KC m!^'™ Mn '^^^"^f " I'C. McCombs WB III. McCoy LE. Mazur jt 
KC. Mabo^ND. Oassification of human colorectal adenocarcinoma! 
cell hnes. Cancer Res 1976; 36:4562-4569 «^rcinoma 5- 

20 Fogh J. Trempe G. New human cell lines. In: Fogh J, ed Hu-'t 
man Tumor Celk /„ Kf/ro. New York: Plenum Press, 1975; ts.l59 I 

ceinin« f- ^' ^^^'^ Bre^t tumor! 

cell Imes from pleural effusions. y/V«/ Cancer 1974; 53:661-674 

leau RM "^""^ burner DS. Caii:| 

S^nom, c^M • ^"'^ cytoskeleton in human breast ^ 

carcinoma cells m vino. Cancer Res 1980; 40:31 18-3129. 



I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LLACK BORDERS 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ FADED TEXT OR DRAWING 




:D or ILLEGIBLE TEXT OR DRAWING 



